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Many psychiatric disorders are associated with abnormal self-processing. While these dis-
orders also have a wide-range of complex, and often heterogeneous sets of symptoms
involving different cognitive, emotional, and motor domains, an impaired sense of self can
contribute to many of these. Research investigating self-processing in healthy subjects
has facilitated identification of changes in specific neural circuits which may cause altered
self-processing in psychiatric disorders. While there is evidence for altered self-processing
in many psychiatric disorders, here we will focus on four of the most studied ones, schiz-
ophrenia, autism spectrum disorder (ASD), major depression, and borderline personality
disorder (BPD). We review evidence for dysfunction in two different neural systems impli-
cated in self-processing, namely the cortical midline system (CMS) and the mirror neuron
system (MNS), as well as contributions from altered inter-hemispheric connectivity (IHC).
We conclude that while abnormalities in frontal-parietal activity and/or connectivity in the
CMS are common to all four disorders there is more disruption of integration between
frontal and parietal regions resulting in a shift toward parietal control in schizophrenia and
ASD which may contribute to the greater severity and delusional aspects of their symp-
toms. Abnormalities in the MNS and in IHC are also particularly evident in schizophrenia
and ASD and may lead to disturbances in sense of agency and the physical self in these two
disorders. A better future understanding of how changes in the neural systems sub-serving
self-processing contribute to different aspects of symptom abnormality in psychiatric dis-
orders will require that more studies carry out detailed individual assessments of altered
self-processing in conjunction with measurements of neural functioning.
Keywords: schizophrenia, autism spectrum disorder, major depression, borderline personality disorder, self-
processing, cortical midline system, mirror neuron system, inter-hemispheric connectivity
INTRODUCTION
Brain mechanisms controlling our fundamental sense of self are
not only of great interest in themselves but also fundamentally
influence our social, cognitive, and emotional behaviors. For most
of us that feeling of a secure, private sense of self that only we
can access, and which affords the simple ability of distinguish-
ing between ourselves and others, is a given. We use our sense
of self to monitor, gage, and learn about our reactions to inter-
nal/external changes to our bodies as well as the actions we perform
and their consequences on our physical and social environment.
Thus any human mental disorder where fundamental aspects of
self-processing are impaired is likely to also manifest associated
impairments in social and emotional behavior.
There are many different definitions of the self and detailing
them is beyond the scope of the present paper (see Kircher and
David, 2003; Gillihan and Farah, 2005; Legrand and Ruby, 2009;
Christoff et al., 2011). The most pragmatic approach is to distin-
guish the physical, or bodily self (i.e., knowledge and awareness
of the body) from the mental, or psychological self (i.e., auto-
biographical knowledge, knowledge about personal traits, and
experience of first-person perspective). Some consider the inte-
gration of these two aspects results in the sense of self as an agent
(Gillihan and Farah, 2005), whereas others propose a broader
definition which includes an individual’s knowledge of their rela-
tionship with physical and social stimuli in their environment
(Northoff et al., 2006). Many studies investigating the neural
circuitry involved in self-processing have used behavioral para-
digms which focus on self attributes (i.e., “me”) as opposed to
the self as an agent (“I”). It has been argued that both attribute
and agency aspects of self-processing must be taken into account
(Christoff et al., 2011) and could involve different neural systems.
Additionally, cultural and learning influences on self-processing
have been increasingly recognized with differences between more
collectivist (Asian) and independent (Western) cultures having
been highlighted, with the former having a more extended self-
representation including other significant individuals, notably
mothers (Zhu et al., 2007). Interestingly, this cultural effect is
weakened in Chinese people raised in Western countries (Ng et al.,
2010) and illustrates that both culture and learning can, to some
extent, produce an extended concept and representation of self
which can potentially blur the distinction between self and other
processing.
In recent years a large number of studies mainly using
both resting-state and task-related functional magnetic resonance
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imaging (fMRI) studies in healthy human subjects have implicated
a cortical midline system (CMS) involving frontal and parietal
components of the default mode network (DMN) as being of key
importance for “self” as opposed to “other” processing (see Qin
and Northoff, 2011) (see Figure 1). The particular involvement of
the DMN has received conceptual support due to the observation
that regions within it are most active when subjects are at rest and
their thoughts are internally directed due to an absence of exter-
nal stimuli (Gusnard et al., 2001). As such the DMN is referred
to as “task-negative” to distinguish it from anti-correlated “task-
positive” networks which show low levels of activity at rest which
then increase during the performance of tasks requiring attention
to external stimuli (Fox et al., 2005). However, although many
studies have provided evidence for regions in the DMN respond-
ing more to self than other-related stimuli, it has been difficult to
disentangle the extent to which responses are truly self-specific or
are influenced by other factors such as familiarity and learning.
A recent meta-analysis has identified CMS and other regions
associated specifically with self-related information as opposed to
familiar or unfamiliar others (Qin and Northoff, 2011). Evidence
for self-specificity was mainly found in the perigenual anterior
cingulate (AC), inferior frontal gyrus (IFG), and insula, with the
AC localization corresponding to that shown in resting-state stud-
ies to be deactivated during tasks. The medial prefrontal cortex
(mPFC) was influenced by both self and familiarity and the pos-
terior cingulate cortex (PCC) by familiarity more than self. Thus
overall, self-specific processing was associated more with frontal
than parietal regions in the CMS.
A second neural system associated with aspects of self-
processing, and which also includes fronto-parietal [IFG, pre-
central gyrus, precuneus, supramarginal gyrus (SMG), inferior
parietal lobule (IPL)] as well as limbic (anterior insula and ante-
rior mesial frontal cortex) regions is the so-called “Mirror Neuron
System” (MNS) (Uddin et al., 2007; Cattaneo and Rizzolatti, 2009)
(see Figure 1). The MNS responds equivalently to specific goal-
directed actions whether they are performed by self or others,
and is therefore ideally suited to compute self-other discrimina-
tions. Indeed, in parts of the MNS even auditory information
suggesting that a specific action has been performed out of sight
is an effective stimulus (Cattaneo and Rizzolatti, 2009). The CMS
and MNS are linked both in frontal and parietal regions (par-
ticularly via the insula and IFG, although also between the IPL
and PCC/precuneus), and it has been proposed that they have
an integrated role whereby the MNS performs physical other-to-
self mapping, important for understanding agency attribution,
whereas the CMS is more important for understanding psycho-
logical aspects. Interestingly, the meta-analysis on CMS and DMN
in relation to self carried out by Qin and Northoff (2011) also iden-
tified a degree of self-specific processing in the two MNS regions
(IFG and insula) with the most extensive connections with the
CMS. Indeed, a number of studies have shown that the insula is
activated during self-reflection (Modinos et al., 2009).
There is considerable interest in establishing whether self-
recognition and sense of agency occur independently in both brain
hemispheres, or are lateralized to some extent, or dependent upon
connectivity between the hemispheres. The anterior regions of the
CMS (AC, mPFC) and MNS (IFG and insula) are connected via
FIGURE 1 | Main regions and functional connections of the cortical
midline (CMS) and mirror neuron (MNS) systems implicated in the
control of self-processing. Inter-hemispheric connectivity (IHC) via the
anterior and middle/posterior corpus callosum are indicated by arrows with
the dotted line across the two hemispheres sub-dividing the brain into
anterior frontal regions interconnected via the anterior corpus callosum and
posterior parietal regions interconnected via the middle/posterior corpus
callosum. ACC, anterior cingulate; IFG, inferior frontal gyrus; INS, insula;
IPL, inferior parietal lobule; mPFC, medial prefrontal cortex; PCC, posterior
cingulate cortex; PCU, precuneus; RS, retrosplenial cortex; SMG,
supramarginal gyrus. For simplicity the anterior (mPFC and ACC) and
posterior (PCC/RS and PCU) are displayed as single regions. L, left and R,
right hemisphere.
the anterior corpus callosum, whereas the posterior ones are con-
nected via the medial/posterior callosum (PCC, precuneus, IPL,
SMG) (see Figure 1). Studies using split-brain patients have gen-
erally concluded that either auditory or visual self-recognition can
occur to some extent independently in both hemispheres, with
some studies reporting a right hemisphere advantage and others
left (see Uddin, 2011). On the other hand evidence from patients
with “alien hand syndrome” (AHS – where individuals deny own-
ership of a hand and sometimes also its actions) suggests that
some aspects of this syndrome are produced by damage either to
the anterior (anarchic hand – where subjects consider that goal-
directed movements of the hand are not under the control of
their own will) or middle/posterior (inter-manual conflict) corpus
callosum regions. While damage to frontal and parietal cortical
regions may also contribute to aspects of AHS, there does seem
to be support for the view that inter-hemispheric connectivity
(IHC) involving the corpus callosum is important for awareness
of goal-directed movement and a sense of limb ownership (see
Uddin, 2011). Findings from patients with callosal agenesis also
suggest impairments in aspects of sense of agency with poor per-
sonal insight, introspection, perspective taking, and self-awareness
(Brown and Paul, 2000; Paul et al., 2007). Thus IHC may also play
an important role in self-processing.
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While we may be able to learn more about the neural sub-
strates of self-processing from patients with brain lesions, they are
relatively rare and damage often involves a number of different
systems. A recent case study, for example, reported preserved self-
awareness in a patient with damage to the insula, AC, and mPFC
but without damage to the parietal lobes (Philippi et al., 2012).
This might perhaps suggest that self-awareness does indeed involve
multiple brain systems. However, a far more extensive source of
patients with altered aspects of self-processing are those with psy-
chiatric disorders. While these disorders are clearly complex, and
often include extensive cognitive and emotional processing dys-
function, they are commonly associated with different patterns
of altered functioning of CMS and MNS systems and IHC which
may contribute to abnormal self-processing. Here we will focus
on some of the main disorders where self-processing is known
to be affected, namely schizophrenia, autism spectrum disorder
(ASD), unipolar depression, and borderline personality disorder
(BPD). To identify papers specifically addressing self-processing
alterations in these disorders we used main search terms of “schizo-
phrenia and self,”“autism and self,”“depression and self,”and“BPD
and self” in PubMed and Google Scholar. Additionally we used
search terms of “schizophrenia and sense of agency,” “depression
and rumination,” and references included in the recent reviews
cited.
SELF-PROCESSING IN SCHIZOPHRENIA
Schizophrenia has long been considered as a self-disorder. How-
ever, although self-experience anomalies are considered to be a
first-rank core symptom of schizophrenia (Schneider, 1959), there
is still considerable debate as to their precise definition and the
extent to which they contribute to other extensive cognitive and
emotional dysfunction in the disorder as well as other symptoms
such as pain insensitivity. Aspects of both the physical and psycho-
logical self are disturbed in schizophrenia with the main features
being in terms of impaired self-other discrimination, including
body-ownership, and also an altered sense of agency whereby
patients have problems in determining whether their thoughts and
actions are controlled by themselves or by external agents. It is not
the purpose of this review to discuss the various symptoms in detail
since this is done elsewhere (Sass and Parnas, 2003; Lysaker and
Lysaker, 2010; Waters and Badcock, 2010). One of the key recent
observations however is that evidence for self-disorders has been
found in both schizotypal personality disorder and schizophrenia,
suggesting that non-psychotic anomalies of self-experience occur
across the schizophrenia spectrum (Raballo et al., 2011) and are
a core feature which may also influence other cognitive and emo-
tional symptoms. An influential theory attempting to explain the
root cause of self-disorders in schizophrenia is that self-other dis-
tinctions are due to a faulty action processing mechanism linking
motor and sensory systems (Frith et al., 2000; Waters and Badcock,
2010). This so-called internal forward model predicts the sensory
consequences of motor commands which allows differentiation of
sensations experienced on the basis of whether they result from
intentional movement or from changes in the external world. Dis-
tinction between sensations is achieved because the model predicts
reduced sensory effects occurring following self-generated move-
ments and the internal system therefore deduces that sensations
result from a self-generated motor command. Thus it is hypoth-
esized that schizophrenia patients are impaired in their ability to
discriminate between sensations resulting from their own self-
generated motor actions and those resulting from external agents
due to prediction errors occurring in this sensorimotor compara-
tor system. The result of this is that patients can feel that their
own actions are not generated by themselves but by some external
agent. This has been shown experimentally using action percep-
tion/feedback tasks where a reduction in precision in predicting
the sensory consequences of action is associated with the severity
of delusions of control (Synofzik et al., 2010). This lack of precision
results in patients placing greater reliance on external retrospec-
tive rather than internally generated predictive cues for linking
actions with external events (Voss et al., 2010). A simple behav-
ioral demonstration of this is self-tickling where healthy subjects
know the action is self-generated and the sensory feedback com-
pletely predictable and so are unresponsive, whereas when we are
tickled by someone else it is not so predictable and we do respond.
However, in schizophrenia patients this self vs. other recognition
distinction breaks down and they can effectively tickle themselves
(Blakemore et al., 2000). A similar argument based on a deficit in
a neural comparator linking perception and action impairment
has been made to extend this concept into cognitive systems to
explain impaired theory of mind and emotional response deficits
(Frith et al., 2000; Jeannerod, 2003). Indeed, a recent study has
reported evidence for a deficit in error-likelihood prediction in
the mPFC in schizophrenia patients in the context of a working-
memory task (Krawitz et al., 2011). Additional behavioral evidence
for breakdown of a comparator mechanism linking perception
and action during self-other interactions is impaired gesture and
movement imitation (Matthews et al., 2013) and emotional conta-
gion (unconscious imitation of smiling and yawning – Haker and
Rössler, 2009) in patients. These behaviors are thought to partic-
ularly involve the MNS and therefore suggest that its function is
altered in some way in schizophrenia.
A large number of structural and resting-state MRI studies have
endeavored to establish the key structural and functional changes
which occur in schizophrenia. Overall these studies consistently
show that there is both structural and functional evidence for
widespread disconnection between brain regions both within and
across hemispheres and that changes in the CMS and MNS (Fris-
ton and Frith, 1995; Garrity et al., 2007; Huang et al., 2010; Lynall
et al., 2010; Guo et al., 2012) and key sensorimotor and cortical
integration regions such as the thalamus (Clinton and Meador-
Woodruff, 2004; Welsh et al., 2010; Marenco et al., 2013) occur
frequently as well as reduced IHC involving both the corpus callo-
sum and the anterior commissure (Crow, 1998; Choi et al., 2011;
Guo et al., 2012, 2013). Altered functional connectivity between
pre-motor and motor cortices has also been observed (Guo et al.,
2012), and may contribute to a disturbed sense of bodily self in
schizophrenia which is known to be associated with these motor
connections as well as the insula (Ferri et al., 2012a,b).
While there has been increasing recent interest in investigat-
ing which structural and resting-state changes in neural systems
may specifically relate to the core symptoms of self-disorder in
schizophrenia, many of the routine measures of positive and neg-
ative symptoms used do not address self-processing impairments
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adequately. For example, the widely used Positive and Negative
Symptom Scale (PANSS) only considers the presence of hallucina-
tions and delusions and lack of insight (lack of awareness of illness
and need for treatment). The presence of auditory hallucinations
is associated with more impaired self-recognition performance
(Waters et al., 2012) and degree of preserved insight is associated
with alterations in responses in brain regions associated with self-
reflection (van der Meer et al., 2012). However, going forward the
development and use of better qualitative and quantitative mea-
sures of self-disorders in schizophrenia will help identify more
precisely the role of changes in specific circuitry in influencing
different aspects of self-experience, and some progress in this
direction has already been made (Raballo et al., 2011). Never-
theless, some task-dependent studies have attempted to establish
which of the many altered neural circuits in schizophrenia may
be of specific importance for altered self-reflection and sense of
agency.
An influential recent task-dependent study has provided evi-
dence for a possible anterior to posterior shift in activation of
the CMS during a self-reflection paradigm where subjects were
presented with positive and negative trait adjectives and asked to
consider them in the context of describing self or other. Schizo-
phrenia patients showed reduced activation in the right mPFC and
increased activation in the bilateral middle/posterior cingulate gyri
during self-reflection as well as reduced functional connectivity
between the AC and middle/posterior cingulate (Holt et al., 2011).
A subsequent study using a similar task has shown hyporesponsiv-
ity in the mPFC and hyperactivation in the precuneus during self-
evaluation, both of which correlated with insight scores (Bedford
et al., 2012). This further supports the view that reduced insight in
schizophrenia may be related to impaired self-processing. Another
study has found reduced activation in the AC in schizophrenia
patients during self-monitoring of performance (Carter et al.,
2001). Reduced functional connectivity between frontal and pari-
etal components of the CMS has also been reported both during
resting-state (associated with severity of hallucinations and delu-
sions – Rotarska-Jagiela et al., 2010) and a working-memory task
(Deserno et al., 2012). Additionally, increased activation during a
self vs. other-reference task has been reported in the PCC and pre-
cuneus in the posterior CMS and the IPL and SMG in the posterior
MNS as well as the post-central gyri (Shad et al., 2012).
A brain-wide resting-state functional connectivity analysis
found that the greatest changes in schizophrenia occurred in
these posterior regions of the CMS and MNS [notably involv-
ing the superior parietal gyrus and precuneus (CMS) and IPL,
angular gyrus, and SMG (MNS)]. These CMS and MNS changes
were associated with both positive (including delusions and sus-
piciousness/persecution) and negative symptoms, and had a high
discriminative accuracy for distinguishing patients from healthy
controls (Guo et al., 2012). While some reduced resting-state func-
tional connectivity was also observed in the anterior CMS (AC
and superior frontal gyrus) and MNS (IFG) regions, this was not
related to symptom severity (Guo et al., 2012). Within the MNS,
resting-state functional connectivity between the right IFG and the
insula has been found to be decreased in schizophrenia patients
(Moran et al., 2013), and increased right IFG/insula activation
occurs during auditory hallucinations (Sommer et al., 2008).
There is also increasing evidence for altered functional connec-
tivity between the MNS and CMS in schizophrenia with decreased
resting-state connectivity between the IFG and PCC (Zhou et al.,
2007) and between the insula and PCC (Moran et al., 2013). The
main hub region affected in the resting-state analysis by Guo et al.
(2012) was the IPL, in the posterior MNS, with its functional
connections with posterior CMS regions (precuneus and superior
parietal gyrus) strengthened, and those with the angular gyrus and
SMG weakened. Thus schizophrenia patients may have decreased
functional connectivity between frontal MNS regions and both
anterior and posterior regions of the CMS but increased func-
tional connectivity between posterior regions of both the MNS and
CMS. Overall therefore, integration between the MNS and CMS
self-processing systems would appear to be highly dysfunctional
in schizophrenia patients.
Further evidence for an important role of altered IPL function
in the posterior MNS in schizophrenia and self-processing has
been provided by a number of other studies. An increased overlap
of cortical maps in schizophrenia patients in medial frontal, medial
parietal, IPL, and middle temporal cortex has been reported during
implicit self vs. other voice distinctions, with altered IPL activity
being positive correlated with positive symptom severity (Jardri
et al., 2011). The IPL, angular gyrus, and SMG have also all been
reported to be involved in action awareness, sense of agency, and
self-recognition (Farrer et al., 2004, 2008; Torrey, 2007; Macuga
and Frey, 2011). Further, repetitive transcranial stimulation of the
IPL has been shown to interfere with self-other face discrimination
in healthy subjects (Uddin et al., 2006) and parietal lobe epilepsy
is associated with the occurrence of psychotic symptoms includ-
ing delusions and hallucinations (Salanova et al., 1995). Finally, a
magnetoencephalography study has reported reduced alpha and
gamma band oscillations and phase-locking in the right inferior
parietal cortex of schizophrenia patients during observation of
biological motion, providing further evidence for altered mirror
neuron properties in this region (Kato et al., 2011).
The potential contribution of reduced functional IHC in schiz-
ophrenia (Knöchel et al., 2012; Guo et al., 2013) to altered self-
experience has yet to be fully established, although studies showing
that connectivity between the hemispheres is important for a sense
of agency, but not for self-recognition, are clearly suggestive (see
Uddin, 2011). A recent resting-state study has provided evidence
for a brain-wide reduction in functional connectivity involving
symmetric regions in the two hemispheres, and including both
anterior and posterior parts of the corpus callosum. Furthermore,
this was correlated with severity of both positive and negative
symptoms (Guo et al., 2013). For patients with psychiatric disor-
ders associated with abnormalities of the callosum, schizophrenia
is the most common (David et al., 1993) and other abnormalities
in the corpus callosum are associated with severity of reality dis-
tortion in schizophrenia patients, although it would appear that
smaller changes may be worse than larger ones in this respect
(Whitford et al., 2010). A further interesting observation is that
atypical cerebral lateralization, as evidenced in individuals who
are right handed but left footed, is associated with schizotypal
traits and an abnormal sense of agency (Asai et al., 2011).
A summary of the main changes in self-processing neural net-
works in schizophrenia is provided in Figure 2A and Table 1.
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FIGURE 2 | Resting-state and task-dependent activity and functional
connectivity changes in brain self-processing regions in (A)
schizophrenia, (B) autism spectrum disorder (ASD), (C) depression, and
(D) borderline personality disorder (BPD). Changes are summarized for the
cortical midline (CMS) and mirror neuron (MNS) systems and for
inter-hemispheric connectivity (IHC). Symbols denote overall increased (red)
or decreased (blue) activity or functional connectivity changes reported in
studies described in the main text. Where direction of changes seen in both
resting-state (circle) and task (triangle) conditions are the same then this is
indicated by a square. In all cases task data is only derived from studies
reporting changes during self-processing tasks (including self-other
discrimination, self-reference/evaluation; emotional empathy and recall of
autobiographical information). For simplicity even where multiple studies in
the text report the same direction of change in their findings only a single
symbol is used. In the CMS increases or decreases are delineated in terms of
the difference in the magnitude of the signal change compared to control
subjects rather than the direction of change. For depression resting-state and
rumination-induction studies are combined for simplicity since they always
show changes in the same direction. Changes in frontal or middle/posterior
functional connectivity via the corpus callosum and indicated by the anterior
or posterior arrows (red, increase; blue, decrease). In some cases for BPD
contradictory findings are indicated either within resting-state or
task-dependent studies (i.e., for the AC and IFG). For abbreviations see
Figure 1.
Overall there is evidence for disruption in both activity and
functional connectivity involving the CMS, MNS, and IHC in
schizophrenia in terms of resting-state activity and functional con-
nectivity associated with symptom severity. This is supported by
some task-dependent studies involving self-referential paradigms.
In many cases neural changes in these self-processing systems are
also correlated with severity of delusions and hallucinations and
with poor insight. The general pattern of changes observed is of
reduced resting-state activity and responses during self-referential
tasks in frontal regions of the CMS and MNS and increased
ones in posterior parietal regions of these two systems. There is
also reduced functional connectivity between frontal and poste-
rior components of the CMS both in resting-state and during
self-referential tasks and between the anterior MNS and ante-
rior/posterior CMS, although it is increased between the posterior
regions of the MNS and CMS. Thus there appears to be a shift from
a balanced and integrated CMS and MNS in terms of their anterior
and posterior components toward and unbalanced and discon-
nected pattern in schizophrenia with a posterior hyperactivity bias.
Furthermore, since both anterior and middle/posterior divisions
of the corpus callosum show reduced structural and functional
connectivity the resulting reduced inter-hemispheric connectivity
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Table 1 | Overall activity and functional connectivity changes in frontal and parietal cortical midline system regions involved in self-processing
in schizophrenia, ASD, depression, and BPD.
Disorder Activity
mPFC/AC
FC with
IFG/INS
Frontal
IH – FC/SC
Activity
PCC/PCUN
FC with
IPL
Parietal
IH-FC/SC
Fronto-parietal
FC
Schizophrenia ↓ ↔ ↓ ↑↓ ↑ ↓ ↓
ASD ↓ ↓ ↓ ↑↓ ↔ ↔ ↓
Depression ↑ ↓ ↓ ↑↓ ↔ ↔ ↑
BPD* ↓ ↑ ↔ ↑↓ ↔ ↔ ↔
AC, anterior/medial cingulate; ASD, autism spectrum disorder; BPD, borderline personality disorder; FC, functional connectivity; IFG, inferior frontal gyrus (frontal part
of mirror neuron system); IH, inter-hemispheric; IPL, inferior parietal lobule (posterior part of mirror neuron system); PCC, posterior cingulate; PCUN, precuneus; SC,
structural connectivity. *BPD changes are shown for patients without co-morbid disorders.
between the anterior and posterior regions of the CMS and MNS
may further exacerbate self-processing deficits.
SELF-PROCESSING IN AUTISM
There is extensive evidence that self-other awareness is either
impaired or delayed in terms of development in ASD, including
self-recognition, body awareness, and sense of agency. Both clinical
and research evidence has found that ASD patients have difficulties
with sense of self and self-other confusion in terms of language
use and make frequent pronoun reversal errors (I/me/you) (see
Lyons and Fitzgerald, 2013). Individuals with ASD often have
general postural and motor impairments as well as in action simu-
lation, mimicry, and imitation (see Gallese et al., 2013), suggesting
that similar to schizophrenia ASD patients may have impaired
perception/action processing leading to problems in determining
whether actions are self-generated or not. Indeed, there are a num-
ber of similarities between ASD and schizophrenia, including delu-
sions, although while there are overlaps between the two disorders,
and occasional co-morbidity, it is clear the severity of abnormal
self-processing is much greater in schizophrenia (Fitzgerald, 2012).
As with schizophrenia resting-state and task-dependent fMRI
and structural MRI studies have reported reduced connectivity
involving long-distance connections but increased short-distance
connectivity within frontal and temporal regions (see Uddin and
Menon, 2009; Müller et al., 2011; Gallese et al., 2013; Lynch et al.,
2013). It is argued that this results in a disruption in integrative
processing between brain regions, and studies have shown altered
connectivity in CMS and MNS, as well as in IHC, which may con-
tribute to disordered self-processing (Anderson et al., 2011; Lyons
and Fitzgerald, 2013).
In ASD, the CMS frontal (ventral mPFC and AC/medial cin-
gulate) regions have been implicated in impairments in self-
recognition (particularly self-face recognition – see Lyons and
Fitzgerald, 2013), self-other discrimination in mentalizing tasks
(Lombardo et al., 2010), and social behavior (Dapretto et al., 2006;
Lynch et al., 2013). However, relatively few studies to date have
specifically used task-dependent paradigms to investigate disor-
dered self-processing in ASD. One notable exception to this is an
elegant fMRI study using a visual imagery task, where adolescent
ASD patients either watch others performing actions or imagine
themselves performing the same action (Chiu et al., 2008). The
results revealed a specific reduction in the response of the medial
cingulate to self performed actions but not when observing those
of others. In a second paradigm using a multi-round economic
trust game the same deficit was observed in this medial cingulate
region during self-decisions but not during those made by the
partner in the game. The extent of reduced self-responses in the
medial cingulate was also correlated with ASD symptom severity.
In another task-dependent study using an introspective emotional
awareness task, ASD patients were also found to show reduced
activity in the left mPFC and right AC, although activity in the
precuneus was decreased in the left hemisphere and increased
in the right (Silani et al., 2008). Thus in the CMS, impaired
anterior/medial cingulate function in ASD patients appears to be
associated most consistently with self-processing dysfunction.
Resting-state functional connectivity within frontal (mPFC –
AC; Vissers et al., 2012) and between frontal and parietal com-
ponents of the CMS has been shown to be decreased in both
adolescent and adult ADHD patients relative to controls (Monk
et al., 2009; Assaf et al., 2010; Weng et al., 2010). However, this
fronto-parietal functional connectivity increases significantly with
age in healthy controls but does so to a lesser extent in ADHD
patients (Wiggins et al., 2011). Reduced functional connectivity
between frontal and parietal regions has also been shown in adult
ASD patients in the context of an executive function task and was
negatively correlated with Autism Diagnostic Observation Sched-
ule (ADOS) scores (Just et al., 2007). A further recent study has
reported increased resting-state PCC functional connectivity but
decreased connectivity involving the precuneus, although not in
relation to the frontal cortex (Lynch et al., 2013). Thus, similar to
schizophrenia, there appear to be a number of connectivity and
activity changes involving CMS parietal regions with a consistent
finding being weakened functional connections between them and
frontal regions of the CMS. Possibly the greater severity and delu-
sional aspects of self-disorders in schizophrenia compared to ASD
may reflect an even greater aberrant organizational shift toward
posterior parietal regions and disconnection between them and
frontal ones.
In view of motor and imitation impairments in ASD there has
also been a recent focus on potential abnormalities in the MNS,
although there is still considerable debate concerning the impor-
tance of the MNS role in this disorder (Dapretto et al., 2006;
Rizzolatti and Fabbri-Destro, 2010; Enticott et al., 2012; Gallese
et al., 2013). Studies to date have mainly highlighted reduced acti-
vation in frontal regions of the MNS (IFG), insula, and ventral
pre-motor cortex (Dapretto et al., 2006; Silani et al., 2008; Uddin
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and Menon, 2009; Enticott et al., 2012) associated with severity
of social dysfunction in ASD. Out of all of these MNS regions
the most commonly reported finding is of reduced activity in the
right anterior insula (see Uddin and Menon, 2009). There is also
reduced functional connectivity between the bilateral insula and
AC indicating a reduced interaction between frontal regions of
the MNS and CMS in ASD (Vissers et al., 2012) similar to schizo-
phrenia. However, in contrast to schizophrenia, altered responses
in the posterior parietal components of the MNS (i.e., IPL and
SMG), or their functional connectivity with the posterior part of
the CMS (PCC and precuneus) have not generally been reported
in ASD. Indeed, differences in the IFG responses, but not those of
the IPL, have been found between adult ASD patients and controls
during performance of a mental rotation task (Silk et al., 2006).
However, a recent study has reported a different developmental
trajectory for IPL responses during an emotional self-referencing
task. Whereas control subjects showed a reduction in responses
during adulthood compared to adolescence, ASD patients showed
an increase. Indeed, IPL responses were negatively correlated with
ASD symptom severity in adults although there were no overall dif-
ferences between controls and ASD patients in either adolescence
or adulthood (Schulte-Rüther et al., 2013). This finding suggests
that age-associated compensatory changes may be occurring in
ASD in the IPL as well as in resting-state functional connectiv-
ity involving the PCC (Lynch et al., 2013). Nevertheless, overall
changes in parietal CMS and MNS regions in ASD appear to be
less marked than those observed in schizophrenia and this may
contribute to the greater severity of disturbed self-processing in
this latter disorder.
While a number of studies have reported neural changes in ASD
primarily in the right hemisphere, and this has led to the hypothe-
sis that right hemisphere dysfunction is of greatest importance in
this disorder (Lyons and Fitzgerald,2013), there is nevertheless also
evidence for involvement of altered inter-hemispheric connectiv-
ity. A recent structural and resting-state functional connectivity
study found both significant reductions in corpus callosum vol-
ume and inter-hemispheric functional connectivity of the anterior
insula and superior parietal lobule as well as sensorimotor cor-
tex, fusiform gyrus, and superior temporal gyrus. Interestingly,
only the functional connectivity changes were associated with
ASD symptoms (Anderson et al., 2011). This study additionally
reported a greater age-associated reduction in functional hemi-
spheric connectivity in control subjects than in ASD patients, again
suggesting possible age-associated compensatory changes in ASD.
There may also be important links between structural changes
in the corpus callosum and weakened functional connectivity
between frontal and parietal regions of the CMS in ASD since these
have been found to be correlated (Just et al., 2007). Another study
reported 45% of children and 35% of adolescents with agenesis
of the corpus callosum had scores on the Autism Spectrum Quo-
tient above the autism-screening cut-off (Lau et al., 2012). A case
study has also reported more severe impairment of self-referential
behavior in an ASD patient with agenesis of the callosum (with
damage primarily in the anterior and medial regions), although
interestingly this was not associated with greater problems with
appropriate first-person pronoun usage (Lombardo et al., 2012).
Since the anterior part of the corpus callosum primarily connects
between frontal brain regions (see Figure 1) this suggests that dis-
turbed self-processing in ASD may be mainly contributed to by
altered intra- and inter-hemisphere connections involving frontal
regions.
A summary of the main changes in self-processing neural
networks in ASD is provided in Figure 2B and Table 1. Over-
all there is consistent evidence for frontal regions of the CMS
(mPFC and anterior and medial cingulate) and MNS (IFG and
anterior insula) being hyporesponsive during self-processing in
ASD. Reduced inter-hemispheric connectivity in ASD also seems
mainly to occur in the anterior part of the corpus callosum link-
ing frontal and anterior insula regions. While some evidence
for either decreased or increased activity has been reported in
the posterior CMS (precuneus) and MNS (IPL) this is less con-
sistent. Age dependent compensatory changes seen in posterior
parietal regions of the CMS and MNS, and in inter-hemispheric
functional connectivity, may help to improve both balance and
integration between anterior and posterior parts of the two sys-
tems. There is some evidence for improvements in severity of
ASD symptoms with age, at least in high functioning patients
(Happé and Charlton, 2012), and perhaps such compensatory
changes may also help prevent the occurrence of more severe
disturbances in self-processing in ASD such as those seen in
schizophrenia.
SELF-PROCESSING IN DEPRESSION
Patients with major depression have a number of abnormalities in
self-related processing, although these tend to be mostly in terms
of increased self-focus, including excessive self-reflection (rumi-
nation) and associating themselves with negative emotions (see
Northoff, 2007; Lemogne et al., 2012). Indeed, self-focus in depres-
sion has been shown to be a predictor of the likely re-occurrence of
depressive episodes (see Nolen-Hoeksema et al., 2008). There have
been a large number of resting-state and task-dependent stud-
ies reporting activity and functional connectivity changes in the
DMN and regions controlling emotional and cognitive function
in both first episode and treatment-resistant depression patients
(see Wang et al., 2012). A recent study has also reported resting-
state functional connectivity changes in the so-called“hate-circuit”
comprising the superior frontal gyrus, insula, and putamen which
may contribute to symptoms of “self-loathing” and reduced “self-
esteem” which often occur in depressed patients (Tao et al., 2011).
In this review we will focus primarily on changes in the CMS and
MNS associated with rumination.
Neuroimaging studies have shown that frontal and parietal
components of the DMN and CMS exhibit increased resting-state
activity in depressed patients (see Wang et al., 2012), and that
this reduces less than in controls when they view and appraise
negative emotional stimuli (Sheline et al., 2009) or increases less
in the mPFC and precuneus during self-focus (Grimm et al.,
2009). It has been argued that the differences reported in the
direction of altered mPFC activity in depression may reflect dif-
ferent interactions between mPFC and other regions in DMN and
task-positive networks in event-related as opposed to block-based
experimental paradigms (Lemogne et al., 2012). Indeed, another
study has reported increased DMN dominance over task-positive
regions (assessed by analysis of fronto-insular interactions) which
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correlated with higher maladaptive depressive rumination scores
and reduced adaptive rumination ones (Hamilton et al., 2011).
During a task where depressed individuals were cued to rumi-
nate they exhibited increased activity compared to controls in the
CMS (AC and PCC) and in the posterior MNS (IPL), although in
the anterior MNS (IFG) decreased activation occurred (Cooney
et al., 2010). Importantly, a study has revealed that there may
be a degree of dissociation between anterior and posterior CMS
responses when individuals are cued to think about hopes and
aspirations as opposed to duties and obligations (Johnson et al.,
2009). Both depressed patients and healthy controls showed sim-
ilar reduced activation in the anterior CMS (AC and medial
frontal gyrus) when thinking about hopes and aspirations and
increased activations in the posterior CMS (PCC and precuneus)
when thinking about duties and obligations. In depressed patients
anterior CMS responses to hopes and aspirations were negatively
correlated with rumination scores whereas in the posterior regions
they were positively correlated. In a second experiment in the same
study depressed patients were found to exhibit reduced activation
compared to controls in the anterior CMS during a self-evaluation
condition where patients tend to focus more on negative self-
referential thoughts. Negative self-referential thoughts tend to be
perseverative in depressed patients and the study also found that
they showed a reduced deactivation (i.e., actual activity levels
were higher than in controls) responses in the posterior CMS
(precuneus) during a distracter task. In both the anterior and
posterior CMS regions activity during the distracter task was pos-
itively correlated with rumination scores. An anterior/posterior
CMS dissociation in depression has also been shown in another
study reporting reduced negative blood oxygen level dependent
responses (NBRs) in the anterior CMS and increased ones in the
posterior CMS during a self-relatedness task (Grimm et al., 2011).
However, a previous study by the same group reported decreases
in both anterior and posterior CMS regions using the same task
(Grimm et al., 2009). This may reflect a medication effect since
all the patients in the later study were medicated whereas in the
earlier one they were not. Indeed, another study has shown that
anti-depressant medications had a greater impact on functional
connectivity changes in the posterior than in the anterior CMS (Li
et al., 2013).
Another resting-state study has reported that functional con-
nectivity between the mPFC and other DMN networks, as well
as cognitive control and affective networks is increased (Sheline
et al., 2010). Functional connectivity between the fronto-parietal
CMS (AC and PCC) has also been found to increase during the
resting-state, but not during a short-term memory task, and this
was associated with rumination scores (Berman et al., 2011). Thus
depression is consistently associated with increased functional
connectivity between frontal and parietal regions of the CMS
which distinguish it from schizophrenia and ASD where there
is reduced connectivity. However, in line with anterior/posterior
differences in activity changes in self-related tasks in depression a
recent resting-state study has reported increased functional con-
nectivity in the anterior CMS (mPFC and AC) which correlated
positively with rumination scores, whereas in the posterior CMS
(PCC and precuneus) reduced connectivity correlated negatively
with over general autobiographical memory (Zhu et al., 2012).
Another study has also reported increased functional connectivity
within the frontal CMS (mainly mPFC) network and decreased
in the posterior part (mainly precuneus) (Li et al., 2013). Addi-
tionally, this latter study found that successful treatment with
anti-depressants only reversed functional connectivity changes in
the posterior CMS.
Depressed patients also show decreased mimicry of happy face
expressions (Schwartz et al., 1976) and reduced resting-state con-
nectivity occurs in many components of the MNS including the
IFG, insula, precentral gyrus SMG, and IPL (Tao et al., 2011).
Reduced resting-state activity has been found in the insula in
depression (Hamilton et al., 2011) and is associated with reduced
interoceptive awareness (Wiebking et al., 2010). Further, there is
some evidence for reduced resting-state functional connectivity
between the insula and the AC and PCC in the CMS (see Sliz and
Hayley, 2012) and between the IFG and AC (Wang et al., 2012).
Possibly these weakened insula functional connections with both
anterior and posterior CMS regions and between the IFG and the
anterior CMS may contribute to the failure of depressed patients
to disengage from negative thoughts and reflect a weakened influ-
ence of interoceptive cues and executive control over negative
affect. Conversely, activity in the posterior part of the MNS (IPL) is
increased during rumination (Cooney et al., 2010), suggesting that
like the CMS there may be some differences between anterior and
posterior components in depression. However overall, alterations
in the MNS in depression which influence self-processing may
be less influential than those in schizophrenia and ASD. Indeed,
perhaps the reduced connectivity between the CMS and MNS in
depression reflects a greater dominance of the CMS in depression
and reduced potential conflict between CMS and MNS systems.
This might help explain why depression does not result in a more
severe self-processing dysfunction such as that in schizophrenia
and ASD.
Inter-hemispheric connectivity is also reduced in depression
and it has been proposed on the basis of TMS (Holtzheimer et al.,
2001), electroencephalography (EEG) (Stewart et al., 2011), and
fMRI (Kilgore et al., 2007) studies that an imbalance between left
and right hemisphere activity may play an important role in con-
tributing to this disorder. A diffusion tensor imaging study has
found reduced fractional anisotropy in the anterior genu of the cal-
losum which primarily connects between frontal cortical regions
(Xu et al., 2013). However, to date no studies have attempted
to associate IHC changes in depressed patients with self-focus
or rumination, although it is interesting that as with ASD only
connectivity between the frontal cortices may be impaired.
A summary of the main changes in self-processing neural net-
works in depression is provided in Figure 2C and Table 1. Overall
the main pattern of changes involves increased resting-state activ-
ity in the anterior and posterior parts of the CMS and in the func-
tional connectivity between them. During rumination patients
also exhibit increased activity in these CMS regions as well as
in the posterior MNS. During performance of self-reference tasks
patients show either a reduced increase or decrease in activity in the
CMS. However, while similar overall patterns of resting-state activ-
ity change usually occur in the anterior and posterior CMS several
task-based studies have indicated a degree of dissociation between
them with opposite directions of changes occurring during tasks,
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and also anti-depressant medication influencing posterior more
than anterior changes in one case.
In the anterior MNS (insula and IFG) there is reduced resting-
state activity in depressed patients and reduced functional connec-
tivity with frontal (insula and IFG) and posterior (insula) regions
of the CMS. There is also evidence for reduced inter-hemispheric
connectivity involving frontal regions. Thus overall, depression is
primarily associated with tonic hyperactivation in the CMS, con-
tributed to by excessive rumination, and reduced activity changes
in the same regions during self-referential tasks. These findings
suggest an impaired ability to disengage from negative rumina-
tion during self-related tasks, perhaps contributing to an increased
negative evaluation of self. This may also be contributed to by
a reduced activity in the insula and its connections with both
the frontal and posterior CMS, and between the IFG and ante-
rior CMS, resulting in weakened control of negative affect due to
impoverished interoceptive feedback and executive control.
The two core symptoms of depression are depressed mood and
anhedonia. There is evidence for significant interactions between
rumination and negative mood with rumination prolonging and
deepening episodes of depression by promoting depressed mood.
Rumination is also associated with suicidal ideation (Nolen-
Hoeksema et al., 2008). The AC has been implicated both in
negative mood and anhedonia and is increasingly regarded as
a key region contributing to depression (Hamani et al., 2011;
Pizzagalli, 2011; Treadway and Zald, 2011). While different func-
tional connections of the AC are involved in terms of its influ-
ence on negative mood (amygdala) and anhedonia (fronto-striatal
reward systems) compared to self-processing/rumination (insula
and PCC/precuneus), there may be integration within the AC itself
and this may help explain why this region is one of the most suc-
cessful for the therapeutic application of deep brain stimulation in
refractory depression (Hamani et al., 2011). Indeed, since rumi-
nation is considered to be highly predictive of the occurrence of
depression it seems possible that rumination-induced changes in
the AC in particular may promote the subsequent development of
negative mood and anhedonia symptoms.
SELF-PROCESSING IN BORDERLINE PERSONALITY
DISORDER
Borderline personality disorder patients have dysfunctional emo-
tional regulation, impulse control, interpersonal relationships, and
self-image/identity (Leichsenring et al., 2011). The diagnostic cri-
teria for BPD under DSM-IV required that individuals have five
out of nine symptoms, and only one of these: “Identify distur-
bance: notably and persistently unstable self-image or sense of
self” specifically pertained to altered self-processing. However, in
DSM-V diagnostic criteria for BPD specify that a person must have
a significant impairment in personality functioning in relation
to self. BPD patients also often have co-morbid post-traumatic
stress disorder (PTSD), obsessive compulsive disorder, depression
or dissociative disorder (DD) and this can make interpretation
of neuroimaging findings more complex. Nevertheless, identity
disturbance appears to be a core and distinctive component of
BPD with patients expressing a sense of “self-fragmentation” and
“falling apart” with four key features (role absorption: i.e., being
absorbed in a single role or cause; painful incoherence: i.e., lack
of a coherent subjective sense of self; inconsistency: i.e., objec-
tive evidence of incoherent behavior; lack of commitment: i.e.,
uncommitted to jobs or values) (Wilkinson-Ryan and Westen,
2000).
In contrast to schizophrenia, ASD, and depression there are less
structural and functional neuroimaging studies in BPD and few of
them have attempted to associate changes specifically with altered
self-processing. Interpretational problems are also caused by the
fact that BPD patients studied often have co-morbid PTSD, depres-
sion, obsessive compulsive disorder, or other personality disorders
(Korzekwa et al., 2009; Leichsenring et al., 2011). However, studies
contrasting BPD with DD can be particularly information because
the latter primarily involves feelings that everything is unreal, of
being disconnected from one’s body or feelings, and amnesia for
autobiographical information (Korzekwa et al., 2009).
In terms of the CMS, the general pattern of findings from a
variety of neuroimaging studies of BPD patients (mostly using
positron emission tomography, PET) is for reduced size and
resting-state activity in the mPFC and AC (see Lis et al., 2007;
Korzekwa et al., 2009; Leichsenring et al., 2011; Wolf et al.,
2011) although the mPFC is hyper-responsive to induced neg-
ative emotions and social exclusion, possibly reflecting reduced
ability to exert emotional (Herpertz et al., 2001; Koenigsberg et al.,
2009; Ruocco et al., 2010). However, one PET study has reported
increased activity in female BPD patients bilaterally in the AC
and in the right IFG although this may reflect co-morbidity with
OCD/depression in many patients (Juengling et al., 2003). Another
PET study with a small number of patients (n= 8) without co-
morbidities has reported similar findings (Salavert et al., 2011) as
well as hypometabolism in the PCC and precuneus. Thus the pat-
tern of resting-state changes in the CMS is not entirely consistent
and needs to be confirmed with appropriate account being taken
of potential co-morbidity contributions.
During emotion and reward-related tasks a study has reported
significantly reduced deactivation in the anterior/medial cingu-
late cortex and retrosplenial cortex (isthmus of the PCC) in BPD
patients. Indeed, in the retrosplenial cortex tasks evoked activa-
tion rather than deactivation. The amount of deactivation in the
retrosplenial cortex was positively correlated with the degree of
personality organization (Doering et al., 2012). A recent meta-
analysis of neural correlates of negative emotionality in BPD
has also found reduced activation in the AC but increased in
the insula and PCC (Ruocco et al., 2012). To date no study has
reported altered functional connectivity between the frontal and
parietal regions of the CMS in BPD, which is perhaps surprising
given similarities with schizophrenia and ASD in terms of identity
disturbances.
Interestingly, the right parietal cortex (PCC and precuneus) has
been reported to be reduced in size in BPD resulting in a greater
left to right asymmetry (Irle et al., 2005). However, another study
which found reductions in both AC and PCC gray matter in BPD,
but corresponding increases in white matter, showed that PCC
changes only occurred in patients with co-morbid schizotypal per-
sonality disorder (Hazlett et al., 2005). Indeed, Irle et al. (2005) also
reported a positive correlation between gray matter volume in the
parietal cortex and psychotic symptoms in their cohort of BPD
subjects and in a subsequent study found that volume changes
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in the superior parietal cortex were correlated with dissociative
symptoms (Irle et al., 2007). Thus CMS parietal changes in BPD,
as in schizophrenia and ASD, may be particularly associated with
delusional psychotic symptoms contributing to a disordered sense
of self.
Some structural and activity/functional connectivity changes
have been found in both frontal and parietal components of the
MNS in BPD, although no problems with facial expression/gesture
imitation have been reported (Lis et al., 2007; Korzekwa et al., 2009;
Leichsenring et al., 2011). Similar to the other disorders, resting-
state functional connectivity changes involving the IFG and the
insula have been reported (Wolf et al., 2011). Increased functional
connectivity between the left insula and both the anterior (mPFC)
and posterior (PCC/precuneus) CMS has been found which cor-
related with scores on the dissociative tension scale (Wolf et al.,
2011). Furthermore, increased bilateral activation in the insula of
BPD patients has been reported during an emotional empathy task
(Dziobek et al., 2011). Another study has investigated effects of
recalling autobiographical memories of resolved compared with
unresolved life events in BPD patients (Beblo et al., 2006). This
also found increased bilateral insula activation as well as in the IFG
when contrasting the difference between responses to unresolved
vs. resolved life events in patients vs. controls. However, decreased
IFG activity has also been reported in BPD patients during a theory
of mind task involving emotional attributions (Mier et al., 2013)
and in response to induced aggression (New et al., 2009). Finally
some evidence for decreased functional connectivity between the
left PCC and the IFG (i.e., the anterior MNS) has been found dur-
ing pain processing in BPD patients (Kluetsch et al., 2012). Only
one study has found evidence for reduced activation of the poste-
rior MNS (IPS) in BPD patients during a task involving distancing
from negative emotion pictures (Koenigsberg et al., 2009).
Overall therefore, there is increasing evidence for hyperactiva-
tion in the insula in the frontal MNS regions which may be par-
ticularly associated with altered self-processing in BPD, although
there also appear a number of alterations involving the IFG. Inter-
estingly BPD is the only one of the four disorders reviewed here
where insula activity and connectivity with the CMS is increased
since in schizophrenia, ASD, and depression it is decreased. Also
changes in the insula connectivity changes in BPD have only been
reported in the left hemisphere. As with the CMS however, more
studies are needed to clarify the precise changes occurring in the
MNS, as well as its interactions with the CMS, that are specifically
associated with identity disturbance in BPD.
While one study has reported a reduced size of the isthmus of
the corpus callosum (which connects parietal and temporal lobes)
in BPD patients, they had co-morbidity with PTSD (Rüsch et al.,
2007), and another study failed to find any evidence for altered cor-
pus callosum structure in first episode BPD patients (Walterfang
et al., 2010). A more focused study using diffusion tensor imaging
has reported a specific reduction in inter-hemispheric fibers con-
necting the AC in BPD, although this too involved patients with
PTSD co-morbidity (Rüsch et al., 2010). Thus at this point it seems
unlikely that altered IHC contributes specifically to disordered
self-processing in BPD itself.
A summary of the main changes in self-processing neural net-
works in BPD is provided in Figure 2D and Table 1. While some
degree of caution is required in drawing overall conclusions about
the precise pattern of changes occurring, due to the relatively small
number of studies carried out and co-morbidity problems, stud-
ies have found altered activity and task-responsivity in frontal
and posterior CMS regions (particularly the AC), although the
direction of observed changes is somewhat inconsistent. On the
other hand there is increasing evidence for hyper-responsivity and
functional connectivity in the insula in the MNS, while the IFG
generally shows either reduced or increased activity. There is also
some evidence for reduced activity in the IPL. While there is evi-
dence for structural and some functional changes in parietal CMS
regions (PCC/retrosplenial cortex and precuneus) at this point
it is probable that these may be contributed to by schizoid co-
morbidity rather than BPD per se. Co-morbidity issues may also
apply to reported changes in IHC.
Thus at this point the main changes observed in BPD itself
would appear to reside in frontal regions of the CMS and MNS
self-processing systems, with a distinguishing feature being left
hemisphere dominated increased insula activity and functional
connectivity with the CMS. A common feature between BPD
and schizophrenia is also reduced connectivity between the IFG
and posterior CMS which may also reflect the importance of
reduced integration between anterior and posterior networks
in self-processing dysfunction. Given the roles of the AC and
mPFC in both control of affective responses and impulsivity,
both of which show impairments in BPD (Leichsenring et al.,
2011), it could be speculated that there may be potential overlap
between disordered self-identity and affective and impulse con-
trol in these regions. Interestingly, there is a significant correlation
between identity disturbance and affective instability but not with
impulsive-aggression in BPD (Koenigsberg et al., 2001), which
suggests a possible interaction between disordered self-processing
and affective control in BPD. However, fronto-amygdala pathways
are of most importance in the latter, and indeed amygdala hyper-
responsivity to negative emotional stimuli is a key feature of BPD
(Lis et al., 2007; Korzekwa et al., 2009; Leichsenring et al., 2011).
On the other hand fronto-amygdala pathways do not appear to
play a significant role in self-processing.
CONCLUSION AND FUTURE DIRECTIONS
Overall it is clear that disordered self-processing in schizophre-
nia, ASD, depression, and BPD is associated with alterations in the
CMS although the patterns of changes are somewhat different. A
summary of these changes in Figure 2 and Table 1 shows that in
schizophrenia, ASD, and BPD there is general evidence for reduced
activity in the mPFC whereas in depression it is increased. The
same pattern is seen for the AC except in BPD where conflicting
findings have been reported. On the other hand, in the posterior
parietal cortex part of the CMS activity changes in all four disor-
ders are more varied, although with schizophrenia and depression
showing a more consistent pattern of increase. A key feature when
comparing the disorders is that resting-state functional connectiv-
ity between frontal and parietal regions of the CMS is decreased
in schizophrenia and in ASD patients but increased in depression
and unchanged in BPD. In schizophrenia, functional connectivity
between frontal MNS regions (insula and IFG) and the poste-
rior CMS is also reduced and thus in this disorder there is an
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almost complete disconnection between anterior and posterior
parts of the CMS and MNS. Another unique feature of schizo-
phrenia is that functional connections between the posterior parts
of the CMS and MNS are increased. Thus, there is support for
the view that there is a widespread functional shift from ante-
rior frontal to posterior parietal parts of both the CMS and MNS
in schizophrenia which may contribute to the severity of self-
processing dysfunction in this disorder. On the other hand in the
two other disorders with identity disturbance, ASD and BPD, nei-
ther has dysfunction in both the anterior and posterior CMS and
MNS systems. Weakened functional connectivity in ASD is mainly
restricted to the CMS, although with some reduced connectivity
between anterior parts of the two systems, and in BPD only altered
functional connectivity between the anterior and posterior MNS
occurs. While functional connections between both of the ante-
rior and posterior components of the CMS and MNS systems are
altered in depression they show a degree of balance, with increases
in the CMS and decreases in the MNS. This suggests that inte-
gration between processing in anterior and posterior regions is
maintained, although with a bias toward CMS dominance which
may act to promote excessive rumination and negative mood
but without identity disturbance. Interestingly task-based stud-
ies in depressed patients suggest a degree of dissociation between
responses in anterior and posterior parts of the CMS and also
differential sensitivity to anti-depressant medication. This further
underlines the importance of maintaining integrated functioning
between frontal and posterior networks for optimal self-processing
and suggests that different neurochemical signaling systems may
be involved in regulating functional changes in each of them. Thus
overall the patterns of changes observed in the four different dis-
orders support a general hypothesis that self-identity disturbances
in particular may primarily result from any breakdown in inte-
grated interactions between the frontal and posterior components
of both the CMS and the MNS. The severity of identity distur-
bance may depend on the extent to which disconnection of frontal
and posterior components of both the CMS and MNS occurs.
There is increasing evidence that connectivity between the
frontal and posterior parts of the CMS is disrupted during anes-
thesia or brain-damaged induced loss of consciousness (Boveroux
et al., 2010; Vanhaudenhuyse et al., 2010) and that DMN func-
tion (Anticevic et al., 2012) and brain functional connectivity
(Stephan et al., 2009) is influenced by NMDA-receptor signal-
ing. As such, reduced connectivity in psychiatric disorders may
produce disorders of both self and consciousness, which is par-
ticularly relevant in relation to schizophrenia (Sass and Parnas,
2003) where functional dysconnectivity has been associated with
aberrant NMDA-receptor signaling (Stephan et al., 2009). NMDA-
receptor antagonists, such as the dissociative ketamine, can elicit
schizophrenia symptoms in healthy subjects and disrupt task-
dependent fronto-parietal functional connectivity (Anticevic et al.,
2012). Treatments with NMDA-receptor agonists have also pro-
duced some positive results in reducing schizophrenia symptoms
(Tsai and Lin, 2010) as well as in ASD (Posey et al., 2004). The
rapid anti-depressant effects of ketamine might be potentially
explained by a reduction in the abnormally increased functional
connectivity between anterior and posterior regions of the CMS
in depression. This has received some recent support from a study
showing that ketamine does indeed reduce functional connectivity
between the AC/mPFC and PCC in the CMS (Scheidegger et al.,
2012). Impairments in NMDA-receptor function are also thought
to play a role in BPD (Grosjean and Tsai, 2007). Clearly this is an
important focus for future research and it will also be interesting
to investigate the specific effects of NMDA-receptor treatments on
self-processing dysfunction in these psychiatric disorders.
At this point the specific contribution of the MNS to disor-
dered self-processing in schizophrenia, ASD, depression, and BPD
is still difficult to assess, and caution is obviously required in mak-
ing any broad assumptions that altered functioning in any MNS
region relates to dysfunctional mirror neuron properties, since
these regions are involved in other cognitive and emotional func-
tions. Given the presence of impaired mimicry and other motor
functions in schizophrenia and ASD, it is reasonable to suggest
that changes in frontal (IFG and insula) and parietal (IPL/SMG)
MNS regions and their links to pre-motor and motor cortices may
contribute both to an impaired sense of physical self and self-other
action attribution, particularly as a result of reduced temporal con-
tiguity between perception/intention and action processing. Fur-
thermore, enhanced functional connectivity between the parietal
MNS and CMS in schizophrenia may serve to exacerbate the sever-
ity of symptoms of physical self-disorder, and perhaps help extend
them more pervasively into cognitive and emotional domains. In
depression, only relatively minor effects on face emotion mimicry
have been reported and it is therefore unlikely that these reflect
reduced temporal contiguity in perception-action processing as
opposed to a general reduction in attention and responsivity to
external stimuli. In this respect it is interesting that unlike the
mixed pattern of changes in schizophrenia and BPD functional
connectivity between the MNS and CMS is consistently reduced
in depression. As already mentioned, this may perhaps reflect an
increased dominance of the CMS over MNS self-processing sys-
tems in depression but without resulting in significant conflict
between them which may be occurring in schizophrenia and BPD
as a result of differential patterns of change.
Changes in IHC are also most evident in schizophrenia and
appear to involve reduced connections between both frontal and
parietal regions via the corpus callosum. Since the main aspect
of self-processing that is affected by callosal damage and atypical
cerebral lateralization is a sense of agency (Asai et al., 2011; Uddin,
2011), one can speculate that misattribution of agency in schiz-
ophrenia may be at least partly a consequence of reduced IHC.
However, this remains to be established. In ASD, reduced connec-
tivity via anterior/medial regions of the corpus callosum, which
primarily link frontal areas, may also serve to further increase dis-
ordered self-processing resulting from frontal dysfunction, and it
is interesting that many individuals with callosal agenesis have
high scores on the Autism Spectrum Quotient. However, once
again the precise contribution of changes to IHC on altered self-
processing per se require further studies. With BPD on the other
hand reported reductions in IHC may only occur in patients with
co-morbid ADHD and so are less likely to contribute to sense of
identity problems in this disorder.
From this review it can be seen that while some progress has
been made toward identifying the neural correlates of abnormal
self-processing in different psychiatric disorders, there is an urgent
need for more future studies to include better assessments of spe-
cific aspects of self-processing which will permit more precise
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functional correlations between neural and behavioral changes
to be made. Overall, studies serve to confirm the importance of
the CMS in self-processing that is being increasingly established
by studies using healthy subjects, although they also indicate that
involvement of the MNS and IHC, and interactions between them
and the CMS may be of key importance. It would seem there-
fore that while many different neural systems contribute to dys-
functional self-processing in human psychiatric disorders, some
common and differential patterns of altered activity and func-
tional connections involving the CMS, MNS, and IHC systems are
beginning to emerge. The precise identification of which network
components contribute to specific aspects of self-disorders and
how they relate to more general impairments in cognitive, social,
and emotional functioning is an important future challenge in
both neuroscience and psychiatry.
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